Introduction {#S0001}
============

Psoriasis is a common chronic inflammatory skin disease. Approximately 60--90% of psoriasis patients suffer from pruritus; while some studies have shown that patients with pruritus suffer from a more severe form of psoriasis[@CIT0001],[@CIT0002] others have found no relationship between pruritus intensity and psoriasis severity.[@CIT0003],[@CIT0004] The pathogenesis of itch in psoriasis remains unclear and no effective, antipruritic treatment has been developed to date. CD26/dipeptidyl-peptidase IV (DPPIV) is a transmembrane serine peptidase attached to the surface of activated T cells in psoriatic skin.[@CIT0005] Active DPPIV enzymes cleave full length substance P (SP1-11) into a truncated form (SP5-11), which increases the intensity of itchiness in psoriasis.[@CIT0006] Komiya et al showed that an increase in DPPIV enzyme activity exacerbated pruritus in psoriasis, and that a DPPIV inhibitor (sitagliptin) was able to suppress imiquimod (IMQ)-induced psoriatic itch.[@CIT0006] As T cells play a key role in the immunopathogenesis of psoriasis and are known to be down-regulated by ultraviolet B (UVB),[@CIT0007] we hypothesize that DPPIV and substance P (SP) concentrations will be higher in participants with psoriasis, and that narrowband ultraviolet B (NBUVB) therapy may decrease serum levels of T cell-DPPIV and result in reduced itch. In this study, we determine the standard- serum levels of DPPIV and truncated SP in both heathy participants and those with psoriasis, and compare the levels to those following NBUVB light therapy.

Materials and methods {#S0002}
=====================

The present study is a prospective observational study that was carried out between August 2018 and May 2019. This study comprised 13 participants, older than 18 years of age, who had a psoriasis area and severity index (PASI) greater than 10, and presented with pruritus (visual analog scale (VAS) ≥1). Psoriasis participants who had history of light sensitivity disorders, other inherited disorders associated with UV-induced carcinogenesis, photodermatosis, skin cancer, psoriatic arthritis, DPPIV-associated diseases (eg, diabetes mellitus, hepatic, or renal dysfunction),[@CIT0008],[@CIT0009] SP-associated diseases (eg, asthma or inflammatory bowel disease), autoimmune disease, were immunocompromised, or participants that were on medication (eg, morphine, Nk-1 Receptor Blockers),[@CIT0010]--[@CIT0013] were excluded. Peripheral blood from the 13 participants with psoriasis was collected, and 7 of the 13 agreed to be treated with NBUVB therapy at the dermatology outpatient clinic of Thailand Tobacco Monopoly Hospital. The mean age was 39.6 years (range, 22--57 years) and the mean duration of the disease was 12 years (range, 1--29 years). Twelve participants without psoriasis were enrolled in the study. All individuals signed a form indicating their informed consent to study participation prior to entering the study. The experimental plan was approved by the local ethics committee of Thammasat University Hospital, conducted according to the principles of the Declaration of Helsinki, and registered in the Thai Clinical Trials Registry (TCTR); study NoTCTR20190709005. The PASI was evaluated to measure the intensity of the disease. Additionally, the clinical assessment of itch was performed with the VAS and the itch severity scale (ISS). Interfering topical or systemic treatments were suspended for at least 2 and 4 weeks, respectively, prior to participation, and their use was prohibited throughout the study.

Prior to each phototherapy session, the skin type of the participants was evaluated. The participants with psoriasis underwent NBUVB-irradiation (wavelength 311--312 nm) with an initial dose of 0.2--0.3 J/cm^2^ according to the skin types, before being increased by 10--20% depending on the individual patient's reaction. NBUVB-irradiation was performed over 3 sessions per week, and dose increments were continued until 20 irradiations were reached. Participants were treated in a Waldmann UV Therapy System UV 5002 (Villingen-Schwenningen, Germany) with UV lamps (UVB) 42 x TL 01 100 W (narrowband UVB).

After 20 phototherapy sessions, 5 ml of peripheral blood from the 7 patients was collected in anticoagulant-free biochemical tubes for the measurement of serum CD26/DPPIV enzyme levels and truncated SP concentrations. Blood samples drawn from participants with and without psoriasis were centrifuged at 3000 rpm for 5 min to remove the debris after complete blood clotting; the resultant serum was stored at −80 °C until assayed. Immunoreactive CD26 in sera were quantified using an Human DPPIV/CD26 Quantikine enzyme-linked immunosorbent assay (ELISA) Kit (R&D systems, Minneapolis, MN, USA), and the serum levels of truncated substance P (4--11), (5--11), (2--11), (3--11), and full-length SP, were evaluated by the Substance P (Human, Rat, Mouse)-EIA Kit (Phoenix Pharmaceuticals, Burlingame, CA).

Statistical analysis {#S0002-S2001}
--------------------

The Kolmogorov-Smirnov test for normality was performed. Data from the participants with and without psoriasis were compared using the independent-samples *t*-test. Data collected from participants with psoriasis, before and after treatment, were compared using the paired-samples *t*-test. All data are presented as mean ± standard deviation (SD), and the test was reported as statistically significant if *p*\<0.05. Pearson's correlation coefficients were determined to analyze the correlation between the expression of DPPIV/CD26, SP, and PASI, VAS, and ISS.

Results {#S0003}
=======

No significant differences were observed in the physical characteristics such as age, sex, and body mass index BMI (*p*\>0.05), of the participants with and without psoriasis ([Table 1](#T0001){ref-type="table"}). Although, this study comprised a small sample size (13 psoriasis and 12 non-psoriasis participants, with 7 psoriasis participants tested before and after NBUVB treatment), the Kolmogorov-Smirnov test for normality showed the data to be normally distributed and *t*-test analyses were performed.Table 1Baseline characteristicsParticipants without psoriasis (N=12)Participants with psoriasis (N=13)Participants with psoriasis who received NBUVB treatment (N=7)Compared data in column 1 and column 2- valueMean ± SDMean ± SDMean ± SD*P*-value**Age (years**)43.7±7.1839.6±11.2539.0±11.720.299 \*^®^**Sex**0.673\***^©^**Male (%)8 (66.67%)10 (76.9%)6 (85.71%)Female (%)4 (33.33%)3 (23.08%)1 (14.28%)**BMI (kg/m^2^)**24.11±4.2825.08±6.1026.74±7.700.653\*^®^**PASI**N/A17.6±8.5217.38±8.63**VAS (1--10)**N/A4.02±2.394.59±2.30**ISS (0--21)**N/A6.89±2.047.75±2.75**Smoking**1\***^©^**Yes01(7.69%)1(14.28%)No13 (100%)12 (92.31%)6 (85.71%)**Alcohol drinking**1\***^©^**Yes01 (7.69%)1 (7.69%)No13 (100%)12 (92.31%)12 (92.31%)**Age of onset (years)**N/A30.26±15.3228.29±15.68**Skin lesion**N/A13 (100%)7 (100%)**Scalp lesion**N/A10 (76.92%)7 (100%)**Nail lesion**N/A10 (76.92%)5 (71.42%)**Family history of psoriasis**N/A3 (23.08%)3 (42.85%)**Underlying disease**None11(91.66%)11 (84.61%)6 (85.71%)1\***^©^**Hypertension1 (8.33%)1 (7.69%)1 (14.29%)Allergy01 (7.69%)0[^1][^2]

In participants with psoriasis, a significantly higher concentration of truncated SP was observed compared to the participants without psoriasis (302.20±56.87 vs 234.96±78.01 pg/ml, *p*\<0.05). Following NBUVB treatment in psoriasis participants, concentrations of truncated SP decreased significantly (288.85±66.22 pg/ml to 252.13±49.78 pg/ml, *p*\<0.05). The DPPIV serum level was lower in participants with psoriasis than that of the psoriasis-free group (526.33±145.35 vs 593.19±84.92 ng/ml, *p*\>0.05). Irradiation with NBUVB significantly increased DPPIV concentrations (518.13±173.04 ng/ml to 592.7±193.9 ng/ml, *p*\<0.05). Serum concentrations of all proteins analyzed are presented in [Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}.Figure 1(**A)** Serum levels of truncated substance P (SP) in psoriasis participants (blue) compared to the control psoriasis-free group (grey); (**B**) Serum levels of dipeptidyl-peptidase IV (DPPIV) in psoriasis participants (blue) compared to the control psoriasis-free group (red). Error bars indicate SDs.Figure 2(**A**) Changes in truncated SP serum concentration before (blue) and after irradiation (grey); (**B**) Changes in DPPIV serum concentration before (blue) and after irradiation (red). Error bars indicate SDs.

The PASI improved significantly after 20 irradiations, from 17.44±8.47 to 9.41±6.38 (*p*\<0.01, [Figure 3](#F0003){ref-type="fig"}). All 7 psoriasis participants who received NBUVB treatment suffered from pruritus before phototherapy, and the sensation of pruritus persisted both during and after irradiation. Mean VAS values of 4.95±2.21 and 2.86±2.01 were obtained before and after 20 irradiations, respectively (*p*\<0.01, [Figure 4](#F0004){ref-type="fig"}). Mean ISS values of 6.93±1.67 and 7.03±3.02 were obtained before and after 20 irradiations, respectively (*p*\>0.05, [Figure 5](#F0005){ref-type="fig"}). The mean cumulative dose of UVB 311 radiation was 12.71±1.23 J/cm^2^. The adverse effects of NBUVB light therapy included mild erythema and a painful sensation (without lesion), which was managed by skipping the subsequent increase in intensity by repeating the previous dose; no serious complications were observed. While Pearson's correlation analysis revealed no significant correlations were observed between PASI, ISS, VAS, and truncated SP and DPPIV levels (*p*\>0.05 for all comparisons; [Table 2](#T0002){ref-type="table"}).Table 2Correlation between PASI, ISS, VAS and truncated SP, DPPIV levelsPASIISSVASr*p*-valuer*p*-valuer*p*-valueSP levels−0.3710.413−0.5930.161−0.1180.802DPPIV levels−0.0890.8500.2480.5920.5660.185[^3][^4] Figure 3The mean PASI at baseline, 2 weeks, 4 weeks, 6 weeks and post-NBUVB treatments. Error bars indicate SDs.Figure 4The mean VAS at baseline, 2 weeks, 4 weeks, 6 weeks and post-NBUVB treatments. Error bars indicate SDs.Figure 5The mean ISS at baseline, 2 weeks, 4 weeks, 6 weeks and post-NBUVB treatments. Error bars indicate SDs.

Discussion {#S0004}
==========

In the present study, we evaluated the serum levels of DPPIV and a truncated form of SP, in participants with and without psoriasis, and in psoriasis participants who received NBUVB therapy. The serum levels of DPPIV were lower, and truncated SP were higher, in participants with psoriasis compared to those without. Following NBUVB therapy, the serum levels of DPPIV increased significantly, while the serum levels of truncated SP decreased significantly.

Current available treatments for psoriasis itch are largely ineffective.[@CIT0014],[@CIT0015] Since psoriasis treatments typically improve the PASI but not the itch symptoms, several drugs for itch relief have been developed.[@CIT0003] Histamine, a commonly used drug and the most well-studied mediator of pruritus, does not seem to alleviate the itch symptoms of psoriasis.[@CIT0016] Topical capsaicin, a potent SP depletory, is only temporarily effective. NBUVB has been shown to be effective in treating psoriatic itch; however, NBUVB treatment may potentially aggravate the itch during the first 2--3 weeks of therapy.[@CIT0015],[@CIT0017],[@CIT0018]

CD26/DPPIV is a transmembrane serine peptidase expressed on the surface of activated T cells,[@CIT0005] and is present on both activated CD4+ and CD8+ T cells.[@CIT0019] It cleaves amino-terminal dipeptides with either L-proline or L-alanine in the penultimate position, resulting in the alteration of enzyme biological activity.[@CIT0006],[@CIT0019] CD26 containing DPPIV degrades full-length SP1-11 to SP5-11, which significantly increases psoriatic lesions and is associated with increased scratching behavior in mice.[@CIT0006] Here, we found that SP5-11 in the serum of psoriasis participants was significantly higher than that of the psoriasis-free group, however, there was no correlation observed between SP levels and itch scores (VAS and ISS).

The serum DPPIV levels were lower in participants with psoriasis than in participants without psoriasis, although this relationship was not statistically significant. This may be due to the migration of large amounts of DPPIV attached to CD4+ and CD8+ T cells to psoriatic lesions through chemotaxis, as previously described.[@CIT0020] Bock et al showed that the percentage of CD4/CD26+ and CD8/CD26+ T cells in the peripheral venous blood of patients with psoriasis vulgaris decreased compared to control patients.[@CIT0020]

Further, we analyzed the serum levels of CD26/DPPIV and truncated SP after NBUVB therapy. A previous study showed that the resolution of psoriasis during phototherapy was preceded by the depletion of T cells, predominantly from the epidermis.[@CIT0007] This mechanism may also inhibit T cells in peripheral blood from migrating to psoriatic skin and increase the number of CD4/CD26+ and CD8/CD26+ T cells in peripheral blood; this may explain why DPPIV levels in psoriatic skin decreased while serum DPPIV levels increased after irradiation. In our study, the soluble serum DPPIV levels significantly increased after NBUVB irradiation, which is in agreement with the findings of the study discussed above. Yildirum et al found that the serum CD26 levels in the patient group before treatment (PUVA, cyclosporine, and etanercept) was 777.7±214.6 ng/ml, which was lower than that of the control group (796.8±159.9 ng/ml).[@CIT0021] Following three months of therapy, the mean serum CD26 level increased significantly from 777.7±214.6 to 835.3±203 ng/ml (*p*\<0.05).[@CIT0021] These findings are consistent with the ELISA results of our present study, in which the mean CD26/DPPIV level was lower than that of the control and increased significantly after irradiation. Furthermore, a previous study reported that DPPIV inhibitors may suppress IMQ-induced psoriatic skin and serve as useful therapeutic agents for pruritus, including that caused by psoriasis.[@CIT0006]

Despite significant improvement of PASI after NBUVB phototherapy, psoriatic itch did not improve. This may be due to itchiness being a side effect of phototherapy and dryness after irradiation.[@CIT0022] As the use of any topical agents, including moisturizers, were prohibited in the study, NBUVB treatment resulted in pruritus in our participants. We found that the levels of truncated SP decreased significantly after irradiation. Narbutt et al showed minimal changes in full-length SP levels after NBUVB therapy, and suggested that full-length SP may not be a direct itch indicator.[@CIT0023] Moreover, a previous study reported that UVB can induce SP and calcitonin gene-related peptides in the skin.[@CIT0024]

Conclusion {#S0005}
==========

Our results showed that NBUVB treatment had a significant effect on the serum levels of CD26/DPPIV and truncated SP. As it has been previously reported that CD26/DPPIV inhibitors can reduce itch in psoriasis, we hope that the findings of this study will contribute to a better understanding of the scope of itch mechanism. The observed increase in CD26/DPPIV serum levels following NBUVB treatment provides insight into prospective monitoring and development of more effective treatments for itch in psoriasis. Further research should be performed with a larger number of patients to confirm the findings.
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[^1]: **Notes:** Values presented as frequency (%), Mean ± SD. \*^®^ resulted from two-independent sample *t*-test. \***^©^** resulted from Fisher's exact test.

[^2]: **Abbreviations:** BMI, body mass index; PASI, psoriasis area and severity index; VAS, visual analog scale; ISS, itch severity index.

[^3]: **Note:** r, Pearson Correlation coefficient.

[^4]: **Abbreviations:** PASI, psoriasis area and severity index; VAS, visual analog scale; ISS, itch severity index; SP, substance P; DPPIV, dipeptidyl-peptidase IV.
